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Introduction 


Weixin  Lu 


Brain  metastases  are  the  most  frequently  occurring  intracranial  tumors,  outnumbering  primary 
brain  tumors  by  a  ratio  of  10:1  (Shaffrey  et  al.,  2004)  and  presenting  the  major  causes  of 
systemic  cancer  morbidity  and  mortality(Nathoo  et  al.,  2005).  Their  incidence  is  increasing 
because  of  improved  cancer  therapy  for  the  systemic  disease  (Shaffrey  et  al.,  2004;  Tosoni  et  al., 
2004).  Among  patients  with  breast  cancer,  at  least  10-15%  of  them  develop  brain  metastases, 
making  breast  cancer  the  second  most  common  cause  of  brain  metastases(Boogerd,  1996;  Ewend 
et  al.,  2001;  Fenner  and  Possinger,  2002).  Patients  with  brain  metastases  have  a  generally  poor 
outcome  with  a  median  survival  after  diagnosis  of  approximately  4  months  (Bradley  and  Mehta, 
2004).  It  is  predicted  that  brain  metastases  will  become  more  problematic  with  the  improved 
systemic  control  of  metastatic  diseases,  because  it  is  believed  that  most  systemically 
administered  agents  have  poor  central  nervous  system  penetration. 

However,  our  knowledge  about  how  brain  metastases  develop  has,  for  the  most  part,  been 
extrapolated  from  observation  in  other  tissues.  This  has  led  to  the  concept  that  brain  metastasis 
develops  after  extravasation  of  metastatic  tumor  cells  into  the  surrounding  tissue.  Dogma  also 
dictates  that  the  blood-brain  barrier  (BBB)  prevents  the  delivery  of  therapeutic  agents  through 
the  BBB  (Ewend  et  al.,  2001;  Landonio  et  al.,  2001).  We  have  developed  a  unique  breast  cancer 
brain  metastasis  model  that  allows  us  to  visualize  the  development  of  brain  metastasis  and 
monitor  BBB  function  with  unprecedented  high  resolution.  High  expression  of  green  fluorescent 
protein  (GFP)  allows  us  to  trace  the  very  few  tumor  cells  and  find  the  early  tumor  metastasis,  and 
intravenous  injection  of  rhodamine  conjugated  albumin  facilitates  monitoring  the  function  of 
BBB  under  fluorescence  microscope.  Serendipitous  observations  indicate  that  our  current 
concepts  about  pathogenesis  and  BBB  function  of  brain  metastasis  (Fenner  and  Possinger,  2002; 
Walsh,  1996)  might  be  incorrect.  Accordingly,  it  is  very  important  to  further  understand  the 
mechanisms  of  the  brain  metastasis  of  cancer  in  order  to  design  effective  and  specific  therapeutic 
interventions  for  this  devastating  complication  in  cancer.  Advances  in  this  understanding  of  the 
pathobiology  of  brain  metastasis  may  lead  to  novel  targeted  treatment  paradigms  and  a  better 
prognosis  for  patients  with  brain  metastatic  disease. 

Based  on  this  background,  we  proposed  a  new  concept  on  the  pathogenesis  of  breast  cancer  brain 
metastasis.  The  results  obtained  with  financial  support  from  DOD  support  most  of  what  we 
hypothesized  and  tremendously  broadened  and  enriched  our  understanding  of  the  mechanisms  of 
brain  metastasis  and  the  role  of  chemotherapy  in  brain  tumors. 
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Body 

Pathogenesis  and  blood-brain  barrier  heterogeneity  of  breast  cancer  brain  metastasis 

Background:  Brain  metastases  are  the  most  frequently  occurring  intracranial  tumors, 
outnumbering  primary  brain  tumors  by  a  ratio  of  10:1  (Shaffrey  et  al.,  2004)  and  representing  the 
major  causes  of  systemic  cancer  morbidity  and  mortality(Nathoo  et  al.,  2005).  Their  incidence  is 
increasing  because  of  improved  cancer  therapy  for  the  systemic  disease  (Shaffrey  et  al.,  2004; 
Tosoni  et  al.,  2004).  Among  patients  with  breast  cancer,  at  least  10-15%  of  them  develop  brain 
metastases,  making  breast  cancer  the  second  most  common  cause  of  brain  metastases  (Boogerd, 
1996;  Ewend  et  al.,  2001;  Fenner  and  Possinger,  2002).  Most  of  these  patients  die  within  a  few 
months  of  diagnosis  since  many  systemic  therapies  are  ineffective  within  the  brain(Brad!ey  and 
Mehta,  2004).  Our  knowledge  about  how  brain  metastases  develop  has,  for  the  most  part,  been 
extrapolated  from  observation  in  other  tissues.  This  has  led  to  the  concept  that  brain  metastasis 
develops  after  extravasation  of  metastatic  tumor  cells  into  the  surrounding  tissue.  Dogma  also 
dictates  that  the  blood-brain  barrier  (BBB)  prevents  the  delivery  of  therapeutic  agents  through 
the  BBB  (Ewend  et  al.,  2001;  Landonio  et  al.,  2001).  We  have  developed  a  unique  breast  cancer 
brain  metastasis  model  that  allows  us  to  visualize  the  development  of  brain  metastasis  and 
monitor  BBB  function  with  unprecedented  high  resolution.  Serendipitous  observations  indicate 
that  our  current  concepts  about  pathogenesis  and  BBB  function  of  brain  metastasis  (Fenner  and 
Possinger,  2002;  Walsh,  1996)  may  be  incorrect.  The  development  of  rational  therapeutic 
strategies  for  the  treatment  of  brain  metastasis  requires  a  complete  understanding  of  the 
mechanism  by  which  lesions  develop. 

Rationale/Purpose:  We  hypothesized  that  the  anatomic  structure  of  BBB  prevents  tumor  cell 
extravasation.  This  results  in  local  intravascular  growth  that  embolizes  and  ultimately  ruptures 
the  vasculature.  Once  tumor  ruptures  the  vessel  wall,  the  characteristic  perivascular  growth 
spreads  tumor  cells  far  from  ruptured  site  and  then  gains  BBB  protection.  This  model  dictates 
that  brain  metastasis  has  a  prolonged  intravascular  growth  stage  and  the  BBB  is  functionally 
heterogeneous  in  different  tumor  areas.  Based  on  the  unique  pattern  of  brain  metastasis  proposed 
here,  we  assumed  that  the  function  of  BBB  in  brain  metastatic  tumors  should  be  temporally  and 
spatially  heterogeneous. 

Objectives:  The  objectives  of  this  proposal  were  to  clarify  the  primary  mechanism  by  which 
breast  cancer  develop  brain  metastasis  with  the  emphasis  on  identifying  the  role  of  BBB  in  the 
process.  The  different  models  of  breast  cancer  brain  metastases  developed  in  this  laboratory 
allow  us  to  visualize  the  whole  procedure  of  brain  metastasis  development,  interaction  of  tumor 
cells  with  BBB  and  the  dynamic  changes  of  the  function  of  BBB  with  unprecedented  clarity  in 
direct  in  vivo  natural  tumor  settings.  By  serial  examination  of  the  interactions  between  breast 
cancer  brain  metastasis  and  host  vessels  at  different  stages  of  brain  metastasis  growth,  we  would 
be  able  to  provide  a  general  framework  of  the  mechanisms  that  underlie  brain  metastatic  process. 
The  proposal  had  the  following  specific  aims: 

1.  Determine  how  breast  cancer  brain  metastases  initiate  and  grow  with  the  particular 
emphasis  on  their  interaction  with  the  BBB. 

2.  Determine  the  changes  in  the  function  of  the  BBB  in  brain  metastasis  at  different  stages 
of  tumor  progression. 


Original  experimental  design: 
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Analyses  of  the  brain  metastatic  process  and  function  of  the  BBB  in  brain  metastasis  at 
different  stages  of  tumor  progression. 

Months  1-12:  Nude  mice  will  be  injected  with  MDA-MB435GFP  breast  cancer  cells  into  the  left 
ventricle  of  the  heart.  At  weekly  intervals  mice  will  be  injected  i.v.  with  rhodamine- 
albumin  and  sacrificed. 

A)  Superficial  tumors  will  be  localized  by  green  fluorescent  protein  (GFP)  using 
stereoscopic  fluorescence  microscopy.  Tumor  bearing  regions  will  be  further 
analyzed  for  supporting  vasculature  and  intact/permeable  BBB  by  red  fluorescence 
(rhodamine-albumin)  imaging.  The  areas  will  be  surveyed,  mapped  and  recorded. 

B)  Confocal  microscopy  -  Thick  slide  frozen  sections  will  be  prepared  and,  where 
appropriate,  fixed  and  stained  with  eosin-yeliow  CD31  antibodies  to  identify  supporting 
endothelial  cells.  This  will  facilitate  three-dimensional  three  color  imaging  of  tumor 
(green  fluorescence),  blood  vessel  walls  (yellow  fluorescence)  and  patency  of  the  BBB 
(red  fluorescence). 

Materials  and  Methods: 

Mice,  female  athymic  nude  mice  were  purchased  from  the  Animal  Production  Area  of  the 
National  Cancer  Institute-Frederick  Cancer  Research  Facility  (Frederick,  Md.).  The  animals 
were  maintained  in  facilities  approved  by  the  American  Association  for  Accreditation  of 
Laboratory  Animal  Care  and  in  accordance  with  current  regulations  and  standards  of  the  United 
States  department  of  Agriculture,  Department  of  Flealth  and  Human  Services,  and  National 
Institutes  of  Health.  All  the  mice  were  used  when  they  were  8-  to  12-  weeks  old. 

Establishment  of  GFP-expressing  MDA-MB  435  (MDA-MB  435GFP)  and  4T1  cell  lines. 

The  mammary  carcinoma  MDA-MB-435  (human)  and  4T1  (mouse)  cell  lines  were  transfected 
with  a  plasmid,  pEGFP-Nl,  that  constitutively  expresses  an  enhanced  version  of  the  GFP 
(Clontech  Laboratories,  Inc.,  Palo  Alto,  CA).  FuGENE  6  Transfection  Reagent  (Roche 
Molecular  Biochemicals,  Indianapolis,  IN)  was  used  to  aid  the  transfections.  A  protocol 
recommended  by  the  manufacturer  was  followed.  G418  selection  at  500  pg/ml  started  2  days 
after  transfection.  Two  to  3  weeks  later,  colonies  that  emerged  in  Petri  dish  cultures  were 
examined  for  GFP  expression  under  a  fluorescence  microscope.  Those  colonies  with  robust  GFP 
expression  were  picked,  pooled,  and  expanded  for  further  experiments. 

Intracardiac  injection  of  tumor  cells.  Female  nu/nu  mice  were  anesthetized  by  i.p.  injection  of 
Nembutal  (45  mg/kg  of  diabutal  (50  mg/ml)  /saline/ethanol/propylene  glycol  10/63/7/18).  The 
anterior  chest  wall  were  scrubbed  with  70%  alcohol.  A  30  gauge  needle  on  a  tuberculin  syringe 
were  inserted  slowly  into  the  second  intercostal  space  3  mm  to  the  left  of  the  sternum  and  aimed 
centrally.  The  spontaneous  and  continuous  entrance  of  pulsating  red  blood  into  the  transparent 
needle  hub  indicated  proper  positioning  of  the  needle  into  the  left  ventricle  of  the  heart.  Gentle 
aspiration  of  the  syringe  were  necessary  to  determine  if  the  needle  is  in  the  left  ventricle  of  the 
heart  if  red  blood  failed  to  enter  the  needle  hub.  106  cells  in  0.1ml  saline  were  injected  into  the 
left  ventricle  of  the  heart  over  a  20-40  second  period. 

Selection  of  MDA-MB  435GFP  cells  preferentially  metastasizing  to  brain.  MDA-MB 

435GFP  cells  were  injected  into  the  left  cardiac  ventricles  of  nude  mice,  brain  metastases  were 
harvested  when  mice  became  moribund,  tumor  cells  were  cultured,  amplified  and  then  injected 
back  into  the  left  heart  of  the  nude  mice  to  generate  brain  metastases  again.  By  selecting  brain 
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metastatic  lesions  for  four  cycles  we  established  a  unique  human  breast  cancer  cell  line 
expressing  green  fluorescent  protein  that  preferentially  metastasizes  to  the  brain.  At  least  80%  of 
nude  mice  died  of  brain  metastasis  2-3  months  after  the  cell  line  was  injected  into  their  left 
cardiac  ventricle. 

Labeling  of  vasculature  in  vivo.  Systemic  labeling  of  vascular  network  was  done  by  i.v. 
injection  of  1  mg  rhodamine  conjugated  albumin  (Molecular  Probes,  Eugene,  OR). 

Examination  of  brain  metastases  and  function  alteration  of  BBB.  At  every  time  point  or 
when  the  mice  show  signs  of  morbidity,  the  animals  were  injected  i.v.  with  Rhodamine-albumin, 
0.5-1  hr  later  the  mice  euthanized  by  inhalation  of  carbon  dioxide  in  a  closed  chamber.  The 
brains  were  removed  and  examined  under  fluorescence  stereoscope  ((Leica  Model  LZ12), 
equipped  with  narrow  bandpass  excitation  and  emission  filters  mounted  in  a  selectable  filter 
wheel  (Ludl  Electronic  Products,  Hawthorne,  New  York).  Real-time  images  were  directly 
captured  with  an  Evolution  MP  camera  (Media  Cybernetics  Inc.,  Silver  Spring,  Maryland  or  by 
frame  capture  from  videotaped  images.)  or  a  Zeiss  LSM  510  laser  scanning  confocal  microscope 
(LSM510,  Carl  Zeiss  Inc.  Thornwood,  New  York)  with  krypton-argon  and  helium-neon  lasers. 
The  brain  metastases  were  also  harvested,  frozen  sections  cut  and  fixed  immediately  in  cold 
acetone  for  5  min.  Fluorescence  microscopy  for  Rhodamine-albumin  permeability  in  brain 
tissues  was  performed  with  an  epifluorescence  microscope  equipped  with  a  mercury  vapor  lamp 
and  appropriate  narrow  bandpass  excitation  and  emission  filters  (Ludl  Electronic  Products, 
Hawthorne,  New  York). 

Immunostaining  for  CD31.  Since  the  rhodamine  labeled  albumin  was  washed  away  and  green 
fluorescence  of  GFP  tumor  cells  quenched  during  the  process  of  staining,  so  we  failed  to 
complete  three-dimensional  three  color  imaging  of  tumor  (green  fluorescence),  We  performed 
our  routine  CD31  staining  and  the  results  demonstrated  the  points  all  the  same  as  we  proposed. 
Briefly,  acetone-fixed  frozen  sections  were  sequentially  incubated  with  rat  anti-mouse  CD31 
(PharMingen,  San  Diego,  California),  peroxidase-conjugated  goat  anti-rat  antibodies  (Jackson 
ImmunoResearch  Laboratories,  West  Grove,  Pennsylvania)  and  diaminobenzidine. 


Results: 

Sequential  observation  of  pathogenesis  of  brain  metastasis  using  MDA-MB-435GFP  and 
4T1GFP  revealed  the  complexity  of  mechanisms  by  which  breast  cancer  develop  brain 
metastases  and  functional  heterogeneity  of  BBB  in  brain  metastases. 

Coexistence  of  different  mechanisms  in  breast  cancer  brain  metastases. 

1)  Extravasation  and  extravascular  growth.  At  weeks  1  and  2,  among  28  superficial 
MDA-MB-435GFP  metastatic  nodules  consisting  of  cells  cluster  or  a  single  cell,  22  of  28 
were  extravascular  (Fig.  1),  indicating  that  extravasation  was  the  dominant  mechanism  of 
brain  metastases.  Perivascular  nodular  foci  most  located  around  capillaries  and  arterioles. 
The  single  cell  outside  vessels  at  week  1  indicated  that  some  metastatic  cells  did  not  go 
proliferation  immediately  after  tumor  cell  inoculation.  After  extravation,  metastatic  cells 
migrate  and  grow  towards  the  adjacent  blood  vessels  of  the  neighbor  vessel  network,  and 
then  proliferate  along  the  vasculature  perivascularly  to  distant  sites  (Fig.  2).  For  brain 
metastases  at  advanced  stage  tumor  cells  did  not  grow  randomly  at  the  tumor  periphery, 
but  aligned  themselves  longitudinally  along  the  blood  vessels.  The  longitudinal  alignment 
could  be  continuous  or  discontinuous,  indicating  the  migration  of  tumor  cells  along  the 
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vasculature.  And  perivascular  tumor  growth  could  encompass  the  vascular  perimeter 
completely  or  just  partially  (Fig.  2c).  When  cells  divided  and  migrated  along  an  existing 
vessel,  they  could  spread  almost  as  far  as  the  whole  hemisphere  of  brain  without  notable 
tumor  nodule. 

2)  Intravascular  proliferation,  vessel  rupture,  and  extravascular  expansion.  6  of  28 

metastatic  nodules  were  intravascular  at  weeks  1  and  2.  The  intravascular  nodules  could 
also  be  found  in  brain  at  late  stages  and  the  nodular  foci  were  larger.  They  were  confined 
in  arterioles  or  intermediate-size  arteries  and  extended  as  strings  in  the  shape  of  vessel, 
CD  31  staining  showed  that  tumor  cells  were  surrounded  by  CD  31  positive  endothelial 
cells(Figs.  3).  Cell  division  must  have  been  occurring  within  the  brain  vasculature  since 
strings  of  cells  were  never  present  at  times  earlier  than  3  days.  In  our  system,  both 
vasculature  and  tumor  cells  were  clearly  visible  under  fluorescence  microscope.  The 
results  suggest  that  the  intravascular  stage  of  brain  metastasis  be  much  more  prolonged 
than  has  been  predicated  from  other  organ  metastasis  models.  In  addition  to  the  direct 
observation  of  intravascular  growth  of  metastatic  cells,  there  were  two  additional 
evidences  supporting  the  intravascular  origin  of  brain  metastasis.  The  first  was  the 
occlusion  of  the  blood  vessels  (Fig.  4).  This  feature  was  quite  apparent  by  the  atrophy  of 
local  tissue  under  dissecting  microscope  and  the  necrosis  of  brain  tissue  during  the  early 
brain  metastasis  in  H/E  slides.  The  necrotic  areas  usually  occurred  in  the  deep 
parenchyma  of  the  brain,  and  the  size  usually  depended  on  the  size  of  the  blood  vessel 
occluded.  The  second  was  the  releasing  of  tumor  emboli  into  the  downstream  area  of 
brain.  This  phenomenon  was  clearly  demonstrated  in  4T1  cells  model  in  Fig.  5.  The 
shaded  tumor  cells  from  the  intravascular  metastatic  colony  could  become  the  constant 
source  of  releasing  tumor  emboli  to  distant  regions,  causing  the  metastases  of  metastasis. 
Although  the  intravascular  pattern  of  brain  metastasis  was  not  the  dominant  mechanism, 
it  could  easily  lead  to  extensive  tumor  dissemination  through  the  vasculature  and  damage 
the  host  tissues  located  in  the  downstream  area  by  blocking  blood  flow.  In  the  late  stages 
(when  the  mice  were  moribund  or  30  days  later  after  tumor  cell  inoculation),  continuous 
intravascular  proliferation  of  tumor  cells  led  to  disruption  of  the  surrounding  blood  walls 
(fig  6).  After  disruption  of  blood  vessels,  a  completely  different  event  took  place.  The 
overflowing  (escaped)  metastatic  cells  migrate  and  grow  towards  the  adjacent  blood 
vessels  of  the  neighbor  artery  network,  and  then  proliferate  along  the  vasculature 
perivascularly  to  distant  sites. 

Heterogeneity  of  BBB  function.  At  weeks  1-2,  Rhodamine-albumin  was  not  leaky  if  the  tumor 
nodules  were  inside  the  vessels  (Fig.  7).  If  the  tumor  cells  were  outside  the  vessels,  the  vessels 
could  be  leaky  (Fig.  8)  or  not  leaky  (fig  1).  When  at  the  late  stages  of  metastasis,  the  tumor  size 
became  bigger;  the  vessels  became  leaky,  especially  in  the  tumor  center.  But  in  the  periphery  of 
metastasis,  the  vessels  were  heterogeneous  to  the  penetration  of  rhodamine-albumin,  indicative 
of  the  heterogeneity  of  BBB  function  in  brain  tumors  (Fig.  9). 

Discussion: 

High-resolution  observation  of  GFP-labeled  tumor  cells  metastases  in  isolated,  perfused  lung 
made  Al-Mehdi  at  al  conclude  that  hematogenous  metastasis  originates  from  the  proliferation  of 
attached  intravascular  tumor  cells  rather  than  extravasated  ones  (Al-Mehdi  et  al.,  2000).  This 
contradicts  the  traditional  view  that  circulating  metastatic  cells  must  extravasate  before 
proliferating  into  colonies  (Fidler,  1990;  Koop  et  al.,  1995).  This  issue  is  extremely  important  for 
brain  metastasis  in  that  intravascular  metastasis  formation  would  offer  us  the  opportunity  to  cure 
brain  metastases  by  developing  new  approaches  to  early  detection  and  giving  intravascular  drugs 
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despite  the  BBB  existence.  In  fact,  intravascular  growth  has  been  described  in  B16  melanoma 
brain  metastases(Alterman  and  Stackpole,  1989;  Raz  and  Hart,  1980),  but  it  was  termed  as  an 
exception  because  it  has  not  been  observed  in  other  tumor  systems  and  B16  melanoma  brain 
metastasis  almost  always  occurred  in  leptomeninges  and  the  B16  tumor  cells  within  the 
leptomeninges  artery  were  enmeshed  in  large  fibrin-like  clots  that  disable  tumor  cells  undergo 
active  extravasation.  Current  concept  dictates  that  brain  metastases  begin  from  malignant  cells 
extravasation(Kawaguchi  et  al.,  1982;  Walsh,  1996).  The  view  that  tumor  cells  proliferate  after 
their  penetration  of  BBB  is  very  discouraging  and  devastating,  this  makes  the  diagnosis  and 
treatment  of  early  brain  metatstasis  extremely  difficult  because  of  the  specialty  of  BBB  in 
hindering  penetration  of  most  systemically  administered  agents.  Although  the  idea  that  tumor 
cells  can  affect  BBB  permeability(Kohn  et  al.,  1989;  Stewart  et  al.,  1987;  Zhang  et  al.,  1992),  the 
interpretation  of  this  result  in  terms  of  the  inefficacy  of  chemotherapy  remains  a  fundamental 
problem. 

The  in  vivo  application  of  GFP-labeled  tumor  cells  (Hoffman,  1998)  allows  us  to  observe 
pathogenesis  of  brain  metastasis  with  unprecedented  spatial  resolutions.  This  greatly  facilitates  a 
broad  investigation  of  development  of  brain  metastasis.  This  is  the  first  clear  evidence  that  the 
same  tumor  cells  can  establish  metastases  by  different  mechanisms  -  extravasation  and 
intravascular  proliferation.  The  reasons  why  some  brain  metastases  began  intravascularly  and 
some  extravascularly,  whether  they  were  due  to  the  difference  of  biological  properties  in  tumor 
cells  or  the  different  vascular  structure  of  various  locations,  remain  unknown.  The  two  deadly 
complications  of  intravascular  growth  of  brain  metastasis  -  the  occlusion  of  blood  vessel  and  the 
constant  releasing  of  tumor  cells  into  the  downstream  area-  explain  why  brain  metastasis  is  so 
calamitous  and  emphasize  the  necessity  of  chemotherapy.  This  will  also  explain  why  in  some 
patients  the  imaging  findings  are  of  only  a  small  tumor  nidus  but  with  a  large  amount  of 
vasogenic  edema  or  necrosis(Loeffler  et  al.,  1997) .  The  existence  of  intravascular  initiation  of 
brain  metastasis  makes  early  detection  and  treatment  clinically  important  and  more  practical. 
Though  we  hypothesized  that  the  unique  feature  of  richness  of  tight  junctions  among  endothelia 
in  BBB  would  prevent  the  metastatic  cells  from  extravasation,  it  was  obviously  not  the  case, 
because  in  the  very  early  stage  single  GFP  tumor  cell  was  quite  often  found  outside  the  vessels. 
The  function  of  the  BBB  is  an  important  issue  with  regard  to  drug  treatment  of  brain  tumors.  For 
the  first  time  we  demonstrated  the  temporal  and  spatial  heterogeneity  of  the  BBB  function  in  the 
same  brain  metastatic  setting,  whether  the  difference  in  BBB  function  in  small  brain  metastases 
in  early  stage  was  temporal,  or  due  to  the  structural  difference  in  BBB,  or  biologic  properties  in 
tumor  cells  remain  important  issues.  Our  results  will  not  only  explain  the  controversy  between 
the  evidence  that  BBB  function  is  not  intact  and  the  lack  of  efficiency  of  chemotherapy  but  also 
suggest  the  necessity  of  drug  therapy  to  prolong  patient  life. 

More  importantly,  all  the  observations  were  made  in  the  natural  brain  metastasis  settings  (with 
all  the  multiple  cell  types,  the  cytokines,  etc.  from  the  blood  and  the  brain  in  place  to  interact 
with  the  metastatic  cells)  and  from  a  large  number  of  mice  with  different  stages  of  brain 
metastases,  the  results  should  have  more  accurately  reflected  the  clinical  situations. 

In  conclusion,  our  results  provide  a  framework  about  how  breast  cancer  brain  metastases  initiate 
and  progress  and  the  heterogeneity  of  BBB  function  in  brain  metastases.  They  are  important  for 
us  to  better  understand  clinical  presentations  and  develop  new  approaches  to  detecting  and 
treatment  of  brain  metastases. 
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Fig.  1.  Extravascular  growth  of  breast  cancer  brain  metastases.  MDA-MB-435GFP  breast 
cancer  cells  were  injected  into  the  left  heart  of  female  Nude  mice.  On  day  14,  mice  were 
sacrificed  and  brain  metastases  examined  with  confocal  microscope  1  hr  after  i.v. 
injection  of  rhodamine-albumin.  The  perivascular  growth  of  metastatic  cells  indicates  the 
completion  of  extravasation. 

Fig  2.  Perivascular  distant  migration  of  metastatic  breast  cancer  cells.  MDA-MB-435GFP  cells 
were  injected  into  the  left  heart  of  nude  mice.  Eight  weeks  later,  the  brain  metastases 
were  examined  under  fluorescence  stereoscope.  The  micrographs  show  that  tumor  cells 
could  travel  far  away  from  their  primary  sites  (arrow)  along  the  vascular  network.  Images 
were  taken  under  fluorescence  alone  (a)  or  under  dual  fluorescence  and  bright 
illumination  (b).  c:  H/E  staining  shows  tumor  cells  completely  or  partially  surrounded 
vessels. 

Fig.  3.  Intravascular  growth  of  breast  cancer  brain  metastasis  at  early  stage.  MDA-MB- 
435GFPBr  cells  were  injected  into  the  left  heart  of  nude  mice,  one  week  later,  the  brain 
metastasis  was  examined  under  fluorescence  stereoscope  (a,  b).  The  micrographs  showed 
that  the  tumor  cells  were  confined  in  vessels  as  strings,  c  shows  immunostaining  of  the 
brain  metastasis  with  CD31  antibody.  Arrow  indicates  that  tumor  cells  were  wrapped  by 
vascular  wall. 

Fig.  4.  Intravascular  proliferation  of  breast  cancer  brain  metastasis  and  cerebral  infarction. 
MDA-MB-435GFP  cells  were  injected  in  the  left  heart  of  nude  mice.  Two  weeks  later, 
the  brain  metastases  were  examined  by  fluorescence  stereoscope.  Confinement  of  green 
tumor  cells  in  the  vessel  under  low  (a)  and  high  (b)  magnification,  c:  H/E  staining 
showed  necrosis  areas  (indicated  by  white  arrows)  from  cutting  1.  d:  Red  arrow 
indicated  tumor  cells  in  vessel  from  cutting  2. 

Fig.  5.  Intravascular  spread  of  brain  metastasis  under  green  fluorescence  only  (a)  and  with  slight 
bright  illumination  (b).  4T1GFP  cells  were  injected  into  the  left  heart  of  nude  mice,  two 
wks  later,  brain  metastases  were  examined  using  fluorescence  stereoscope.  The  arrow 
indicates  the  direction  through  which  intravascular  brain  metastasis  released  tumor  cells 
into  downstream  of  vascular  network. 

Fig.  6.  Vessel  rupture  by  intravascular  growth  of  brain  metastasis.  MDA-MB-435GFP  breast 
cancer  cells  were  injected  into  the  left  heart  of  female  Nude  mice.  Four  weeks  later,  mice 
were  sacrificed  and  brain  metastases  examined  with  confocal  microscope  1  hr  after  i.v. 
injection  of  rhodamine-albumin.  The  arrow  points  to  the  rupture  site  of  vessel  wall  where 
tumor  cells  leaked  out. 

Fig.  7.  Intact  BBB  in  brain  metastasis  of  early  stage.  MDA-MB-435GFP  breast  cancer  cells 
were  injected  into  the  left  heart  of  female  Nude  mice.  One  week  later,  mice  were 
sacrificed  and  brain  metastases  examined  with  confocal  microscope  1  hr  after  i.v. 
injection  of  rhodamine-albumin.  The  green  tumor  cells  were  confined  in  the  vessels 
without  the  increase  of  BBB  permeability. 

Fig.  8.  Increased  permeability  of  BBB  in  brain  metastasis  of  early  stage.  MDA-MB-435GFP 
breast  cancer  cells  were  injected  into  the  left  heart  of  female  Nude  mice.  Two  weeks 
later,  mice  were  sacrificed  and  brain  metastases  examined  with  confocal  microscope  1  hr 
after  i.v.  injection  of  rhodamine-albumin.  The  arrow  points  to  the  area  of  increased 
permeability  for  rhodamine-albumin. 


10 


* 


W8 1XWH-04-1-0 62 8  01  Weixin  Lu 

Fig.  9.  Heterogeneity  of  the  BBB  function  induced  by  perivascular  growth  of  brain  metastasis. 
MDA-MB-435  GFP  cells  were  injected  into  the  left  heart  of  nude  mice,  when  the  mice 
were  moribund,  their  brain  metastases  were  examined  under  fluorescence  stereoscope  1 
hrs  after  i.v.  injection  of  Texas  red-albumin.  Note:  the  white  arrow  indicates  increased 
vascular  permeability  but  most  vessels  did  not  show  increased  permeability  despite 
engulfed  by  tumor  cells,  a. GFP  tumor,  b.  Rhodamine-albumin  penetration. 
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Key  Research  Accomplishments: 

•  Abstract  for  Era  of  Hope,  Breast  Cancer  Program  Meeting  2005:  Pathogenesis  and  blood-brain 
barrier  heterogeneity  of  breast  cancer  brain  metastasis 

•  Manuscript  for  publication:  Pathogenesis  and  blood-brain  barrier  heterogeneity  of  breast 
cancer  brain  metastasis.  In  preparation 
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Reportable  Outcomes: 

The  experiences  obtained  from  the  grant  contributed  to  the  application  for  the  new  idea  award  in  DOD 
program:  Breast  cancer  growth  and  metastasis  vascularize  by  tumor  cell  adaptive  migration 
into  and  replacement  of  normal  tissue. 
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Conclusions: 

The  data  from  this  proposal  revealed  the  complexity  of  mechanisms  by  which  brain  metastases 
were  developed.  Breast  cancer  brain  metastases  could  be  established  by  tumor  cells  proliferation 
after  extravasation  or  direct  intravascular  growth.  The  latter  mechanism  makes  the  brain 
metastasis  extremely  aggressive  in  that  it  serves  as  a  consistent  source  to  spread  tumor  cells  to 
other  areas  of  the  brain  and  the  block  of  blood  supply  by  tumor  growth  in  vessel  damages  brain 
tissue.  The  results  showed  the  temporal  and  spatial  heterogeneity  of  the  BBB  function  in  brain 
metastases.  These  results  will  significantly  improve  our  understanding  of  the  mechanisms  behind 
the  clinical  presentation  of  patients  with  brain  metastases,  and  help  clinicians  to  optimize  the 
therapeutic  strategies  addressing  the  complexities  of  the  mechanisms  and  BBB  function  in  brain 
metastases. 
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Recent  work  in  our  kboraWty  has  focused  on  the  idectificatfon  of  a  .putative  caraor 
suppressor  gene  ITSO)  within  o  l  Megabase  <Mh)  irrter.nl  on  chranwMXne  22q?  ?..s  I  in 
breast  and  colorectal  cacxzrs.  One  candidate:  TSG  (ARKOAPS)  wes  selected  for  farther 
analysis  ©a  the  basis  of  bomolosy  to  the  known  TSGs  XFi  and  AI^GAPT’DljC-!. 
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Somatic  mutation  of  ARHGAl^  was  not  observed  in  am«y-<mc  breast  and  colorectal 
terrors  exammed  However.  since  ARHGAPX  contained  *  robust  CpG-wbod  in  its. 
proximal  regies?.  wr  exarsnee!  ARHGaPS  raRNA  expression  levekin  primary  breast 
rumors  and  adjacem  oormal  roaOTrery  gland.  as  well  as  in  a  pxsd  of  breast  carctuoeca 
eel!  lines.  ARHGAF5  mRN  A.  expression  was  reduced  in  approx imatriy  ooc  third  of 
primary  breast  tumors  examined  and  was  absent  Item  three  breast  cancer  ccS  lines 
(MDA-MB-I3I,  MDA-MB-4J5.  and  BT549).  trod  markedly  downrcgulared  ft»  a  fourth 
(IhSTST).  Gcoornk:  Southern  saalyses  dcinoosfrjted  that  fee  lo$*  of  expression  was  nor 
due  to  ARKGAP&-  bomo^'j^m'dekiian.  Inurcsria^ly.  thesc  four  cell  lines  ako  feature 
eptAdiahto-tTV»<rocfc>'rwl  tnuaaion  (EMT).  which  includes  a  spmdfo-sbapcd  tnotpboJ-  . 
Ogy  and  taw  of  E-ewfeenn  expression. 

The  involvement  of  ON  A  roefeytotieo  and  bistone  deaccfolsooo  ia  fee  sdtencmg  of 
AKflGAPN  expreesioK  to  htcast  cancer  cell  hoes  was  exenbed.  Treatment  with  fee 
henooe  dcacaylase  (HOAO  inbfoiior  Tricbostairn  A  (7SA>  robustly  induced 
ARHGAPS  vaKSA  cvprev^Xi  m  MDA-MB-T5J  sod  BTS49  cdk  but  re*  m  MDA- 
ME435  ceGs.  Conversely,  treatment  with  fee  dernefeytatbg  agecr  5  *xr*- 
2’dcoxycytUSmc  (5a»dC)  weakly  induced  ARHGAPS  mRNA  otpresston  in  MDA-MB- 
Z31  and  MDA-MB-435  cells,  but  sen  in  BT54^  cells.  These  data  suggest  that  both 
historic  dcactfyhdkwi  and  DNA  nsethytahon  may  be  involved  to  the  sskncku;  cf 
ARHGAP8  expression  in  bttasl  canerr. 

To  gain  furctjocai  msigtos,  JCtamind  KLAG-tagged  ARHGAP^  w«  mdrodoced  ana 
MDA-MB-23 1.  ‘NtDA-MB-435,  and  Hs57&T  ceili,  oad  aiso ^bc  immortafead  nawsmary 
cyitbelial  cell  hoc  MCFIOA.  The  ILAG'ARHGAPS'tnitodbctcd  ceOs  arc  being  cvaiis 
Wed  &r  alicfatkwB.'  in  otTl  ct^dc  fcmtttcs,  adhesion  to  matrix,  and  mvscwxi 

rate&,  to  wcllatfc  cloocgcrucny  in  soft  agw,  ttawri^  »b(fey  'ex  vivo, 

aod  reveml  of  fee  EMT  phenotype.  A  r^fcit  pofyclrml  awiscrure  tecefftamg 
ARHOAPS  ivalso  betoggcaem^'^tmimtw  anaiysrsof  taswr  scctkw 

and  sabcebclar  localtoaooo  studies’.  ,-;Thi$  Rscarch  hajt;  .hsipe*ctau  zmp&ca6oa«  for 
imdemnding  h£m'h«mt»  bra^iu^  benign  state-  »  «n  aggressive 

«*te  wife  pewntial  formetastatjc  ^read.  .r 

The  US.  Army  htedkut  Research  and  MuhtM  Crrosxand  under  WHIXJTHdH-l-OAS-H 
xupportcdthffwk 

A  NOVEL  RAT  MODEL  OF  SFGRAJHC  BBLOOI^BORNE. 
VISLAUZABLE  M1CRO-METASTA5ES  OF  MAMMARY  CARC3- 

ni»uiNthebraln 

LoS*  A.  Las^Mt,  PiuEh,  Can  A.  Tripp.  andDenob  S.  Mertettfe 

Department  of  Ncorusurgtay,  Brigham  and  Women's  Hospitok  KmvaaS  Medical 

School,  Boston.  MA 

Email'  ImnpswiSinsaiwb!^^ 

Brain  tactastasex  are  toewasH^  iaiptm^  as  a  came  o?  BecaSty  for  breast  cancer 
patients,  w  feempy  W  other  ates  improves.  To  devefop  new  therapies,  toore  aj^xpopo- 
atc  antnal  models*  especially  for  fee.eatficst  bndn  rtricTo-metasasBes,  are  needed  Otar 
aim  is  to  develop  a  practical  email  atonal  roodd  wife  hr  appropriate  sporadic  sfcsnbu- 
rion  of  v%M^t23bk,  bkxxl-bcroe  THktu^metamses.  We  rcp^  stoapbl^  methods, 
making  fee  modd  mow  generally  usefcl,  and  describe  cady  rumor  cutty  to  feebtajto 


Mefeods.  The  highly  metastatic  MATBIH  variar.:  of  :hc  *‘d!\s7odiiw  rcl  ntam- 
mtiry  esreiRoma  cell  hue  had  been  made  u«  ccr.sirtutively  c«prtss  the  ’aeZ  reporter  gesve 
product  E.  coR-dcrivcd  fe-galxctwidasc  tMATBIacZ).  Th<i  b-wl  mrher 
appears  &  a  bright  bloc,  i-e*IT?1lrrc:  c^-ionitoitue  >tairi  alter  x  simple  h^tocbcmicto  sta?K 
in  iisttic  jtcctrons.  The  smallest  micro .  even  single  tumor  cells,  are  remfijy 
defected  by  onlriwry  light  microscopy.  Tumor  is  tojeofed  Into  fee  left  common  carotid 
artery,  to  favor  deliver)'  to  fee  brain.  Tc  ask  if  ligaitny  sidc-hcancLcs  was  ncc«s$«y.  we 
first  compared  fee  pafe  of  injected  dye  (1%  methyl  green),  then  the  yield  to  town  ves¬ 
sels-  of  met*  polystyrene  beads.  Ctoc  million  rumor  ctoi>  tverc  then  rojeefed  by  fee 
sftnpHfred  method.  Rats  were  sacrificed  0-7  days  later  by  :a;ri-ca rdiac  perfusion  wife 
isxarivc.  and  tot  cryosu;  scenons  through  the  brain  were  stained  hatostocmically  ( X-gto 
subjsnnc)  to  reveal  b-eaf-  tumor  cells. 

Rcstotv  (1 )  Simplified  mefeods.  The  injected  dye  readily  vkuobzod  to  fee  intact 
mt.  fumtog  the  eex  and  eve  bright  green,  on  one  side  (as  exited  tfxwc  fee  blood  Ifow). 
Bmplilytog  fee  first  companion  ofditVcran  methtxk.  Qua  eriia*  i  v  e  asialysi>  of  fee  yield 
of  inert  beads  to  fee  brain  cottfirmcd  that  fee  yield  -was  tv? t  improved  by  ligating  the 
aide  vessels.  This  greet! v  simplified  training  and  the  conduct  of  ckpcrifeeau.  (2)  Eariy 
turoof  pa  cent.  Microscopic  futrvor  0  ot  p.  few  tusttor  cclN)  appeared  ra  u  sporadic 
pattern  in  fee  "hemisphere  of  injection.  Tiunor  was  seen  to  the  hwirt  proper,  meflioges. 
sttd  erwroisf  plexus.  Tbc  turner  wis  often  clearly  s cs«! -tosoctoted,  sometimes  sppenr- 
tog  to  ert^yfti.  Thentmox  oclk  were  eluswred  Mjjrihrs .  end  did  zoe  nppenr  w  invade  fee 
nearopil.  i 

Conchiaww:  The  model  displayed  fee  3  major  routes  of  blitod-beme  entry  w  fee  brain; 
vessels  of  fee  braib  proper,  tncmngej.  and  choroid  plexus.  LocaVaaticn  Jo  fee  mjccrioc 
side  is  consistent  with  fee  bfood  flew.  Emboli  and  clustering  (pot  moving  into  fee 
oecropil}  ate  cbaractemrie  ofbumae  meastoseti.  The  ability  to  visualize  the  exrUeat 
micro-mcttotwes.  the  varied  and  appropriate  sites  end  forms  of  toner  entry,  artd  fee 
c<x^xtrisop  bctvwi  fee  alTectcd  and  muffected  sides  of  rite  toiir..  will  aid  raasiy  kinds 
of  swdics  of  biotogy  and  therapy  for  metastatic  breast  cattcer  in  fee  brain. 

OngauA  work  supported  hy  the  VS  Army  hfctftcal  Arurorrt  and  Materiel  CotMtand 
order  DAMOI7-W-1-0167  and  wren;.  Wore  xepported by  WXDS 


m-Ife  PATHOGENESIS  AND  BLOOD-BRAIN  BARRIER  HET¬ 
EROGENEITY  OF  BREAST  CANCER  BRAIN  METASTASIS 

Wettral*  and  AJ*tol.  Sebrtrif 

Pepomaent  $f  Cancer  Biology,  l/mversey  of  Texas  M  D.  Anderson  Cancacr  Center. 
Hotxvtoc.TX 

E«nai!r  uctomlu^mdaiaiersw.ot'g 

A  large  cumber  of  young  breast  cancer  patients  4red  of  totifi  meusfeito.  Our  knowl¬ 
edge.  which  brain  tnctastaws yieveTojj  «ftcr  rocttotaoc  octk  icxiravasutc  and  Socaltot  and 
grow  within  brain  tissue,  hw  largely  been  extrapolated  from  obser-aueus  in  other 
ms«cs.icid  tbc  existence  cf  blood  -fere  to  totrtor  (DBB)  bos  bom  few  major  reasent  for 
fee  mrffoctiwcaew  of  cumatt  chcnKrihcrapevtic  regimens.  Develoftowmt  of  dfitorive 
thecBries-  w^J  dgtcod  on  a  bead  umJerstantitoc  of  fee  pattogracsis  of  brain  metoasasis 
*ad  the  role  of  BBB  in  its  dos’d opment 

Jfv  i»tog  a  selected,  gnxn  ffcorescau  pro»in  expretomg  Iwistst  ataccr  cell  line  (MJM- 
MB-435GF?)  feel  prcforentb%  memtsdxes.  to  fee  brain,  we  aaaJywtd  fee  peograster, 
.ofbrtua  mctssiaik  of  MDA-MB-435fiFP  and  its  retaJionsfeip  to  tbc  BBB  stnJctutr  aod 
fosKJion  w  diffcreai  -^ages  afcr  mjecto^  fee  cells  into  left  heart  of  nude  mice  *»4 
rnff*vnwu5>  tojcctww  ofrftodwwvt  kfeckd  albumth  before  «wif«30g  twee,  Tbegfejog 
GFP  expression  of  fee  trnnore  and  ^tfc>daoui»-labelini  allowed »».  to  Steoefer 

Mtwxwly  focafet  saalUuraot  fcswos  aedto  track  fee  «recturc  and  fee 

stsrcwncfiag  blood  vessek,  tttoioiejac  analysis  of  brain  samples  validated  our ^  gross 
ofcserfeaaww,  • .  ’  /..//’l 

Tbc  resets  up  » the  jfeatracf  subrntRuon  were  as  •Mere*;  First.  «rt  fee  veryeady  stage 
fee  hematogenous  metastatic  ccBs  snxebed  ta  tbe  «sseleodoJhdiaIeeH.foo« 
aaiy  uadergo  «ttrav«atio&  but  atstoid  peotifenrte  wifejri  the  vaseulatw«.  Seated. 
istmaoetilarpTob&ntficnoftanxffcribk^tofeKJ^  . 

vaso^mic  edema  and  mferericn^f  braes  powadivtna, 

from  other  v**adto  amcecous  daombus  csft  serve;»  a.  afettiacd 

rrietsaag  sfeuix.pf  aataoc  ddb.  to  fee  dtAvustream  area  through  ,Woodf&^‘a*feia® 
spread  of  toroor'oefe-eetreraely  easy,-  Ftwsfe.  extofetnirg  BEtsmsodar  wmtor.ca^ecoioac 
disrupts,  fee  blood  vessel,  satire  fee  BBB  not  tooa.  Finally,  fee  overttewtog  »**»- 
tatie  ctfe.podifa«e  and  -s^ptte  alot^  fee  host  vtoculatore  perimeuiarf)--  to  fittfestaui 
sitosi  bypessins  fecdcpeadgace  of  aapogsnmossnd  regsmmig  fee  paKetftioa  of  BBB.; 

■We  conclude  thaz  meastafk  breast  cancer  cdk  proliferated  in  fee  vastsdatarc  wife.on 
citact  BBB  a  fee  early*  sta^  roechaak  ft^Rrtc  of  growing  rocttoJaac  tanxwa  disfeied 
fee  fericboc  of  BBB.  The  umtjue  growth  patseros  of  brain  tumors  at  bte  soq?e  made  fee 
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BBB  fcrcfkm  hcicrowrnsoi^.  Thcie  mtis  of  brew  merest: --r.  rj> t  orgy  change  prcr.-fom; 
view  aad  iraprevc  the  undcrftendinj!  of  pwhogenesis  hut  alto  provide  rationale';  for 
w*iy  th3,!3tewss«d  irratmeati 

TTh:  i AS,  Awry  Hx&ari  Ret  tew :  and  Mater.#  Command  under  ! ~0$2R 

svppon&i  tkl*  Vf#ri-  i 

Pfie-ll:  A  MODEL  OF  COX-2  MEDIATED  BONE  METASTASIS  IS 
HUMAN  BREAST  CANCER 

sAatbnn>  Intel  MJ>-  B*fiaj  Sin^U,  Ph.0-  Jacob  A.  Berry.  ILS,  and  Angela 
Shaker*  M.B. 

Uasvetjttj  ofTcxas  M.D.  Anderson  Caver  Center.  Kaevtoo.  7X 

H-maii;  zluccifaytthnterwiorv: 

Cycloo\y£«t»e-2  (COX-2)  is  overexprsssed  in  40%  of  human  tnvasivc  breast  cancer*.. 
Breast  cancers  raesasawb:  predermnanrh'  to  tftc  bore  Tbc  psrpea;  of  this  study  is  to 
test  the  h>potb«:s  that  uvmascd  production  of  COX-2  is  the  breast  career  cells  is 
responsible  for  inauttm$  a  series  of  events  t?»t  focftifeic  she  spread  of  brats  ameer  to 
Oxr  bone.  Our  experimental  procedures  include  1 )  the  identification  of  scacs  affected 
by  COX-2  overexpressroo  xiJbstwS  career  cell  fho.  2}  to  d=mo.a<tratcr  that  she  acao 
expression  alteration  •«  relevant  i rt-UB  appropriate  mouse' model  of  bows:  cancer 
s&ctxc&ts  to  bone.  W  J?  determine  svhether  there  n  a  correlation  between  COX-2 
expression  in  prinufy  huJiar;  breast  cancer  and  the  presence  of  br m  ewer  cells  b 
bone  marrow.  The  spread  of  brca%:  canscr  cells  to  betne  wtmtcov.  skated  boar  luarraw 
mterroisiastaw  (KMMJ.  c  twsa»  with  clinical  boae  raetasujis . 

We  hsive  identifies  several  UfgriS  of  COX-2  oction  vs  hresst  wsccr  ori;*.  includin'; 
isokisssc  pbsnKaogra’actn'si&r  ^aPAi.  irrtertevkin-S  ({IAS).  aadXL-U.  t/Srag  a  mouse 
model  in  which  we  -inject  ludfeiurrf-traatfixfed  hrwcor  cancer' c^Bs  wto  left  ventricle 
sad  u*cu  ixuaRc  zrexsstssis  by  wbote-body  icnajwnc  with  the  JVJS  2DG  .<ys;r*i  (Xetsogert. 
Alameda.  CAl  we  hove  evidence  that-  COX-2  expression  in  bmst  cancer  cells 
enhances  bow  ttessssasis  and  that  MF-cteycEc.  a  COX-2  ichiNior.  iv.ahfe  to, inhibit 
bane  mei!«.t»sis  m  txsh  prevention  and  aeatmea;  rrguneas.  Analysis  of  tb.cv  bene- 
seebnj  elones  after  rsolcoinr  and  eshiirhKj  from  the  Ivwc  mcastnscs  shows  that  these 
cells  produce  sigaificautly  more  proaft£bn<iiQ  E2  <PCii£2v.  ao  importer*:  mediator  cf 
COX-2  cftcets.  than  Pc  parentis  population  of.  injected  cells,  in  partite!  with.  PGE2. 
the  bwte-teclctrrj.  clones  osTrrtpr»»cd  uPA.  I US.  rod  11.-12,  which  have  wri!  <s»b-  v 
Utboti  roles  in  insasiea  sno  basement  mctphosac.  metssyuti^.  and  osacolytie  botsc" 
rcepoctkcK  At  presen:  we  are  at  the  early  «a£r  of  coUectkig  date  freer,  ifcc 
humso  tumor  samples  (cbcic  studies  were  mierrupted  doe  to  the  change  cf  grantee 
uwfjuibonx  .■•'"■  ’  ■ 

The  dbca  freer:  the  earil  lines  and  (he  mouse  srtedd  pcosidc  str«j?  evaJcnce  for  *ihc  tsplc 
COX-2  in  breast  cancer  meta-oasis  to  bone  UleeUfieatkni  of  «PA.  HA.  iod  Ib*ll  as 
downstream  mcdi^-fir*  <sf  COX-?  in  borKMusekirg  clown  rsf  bwa«  eweer  crib  pmviccs 
snsigfctv  into  (he  mechanisms  Uxrwgh  wferii  COX-2  vverrx^fewioo  could  facifcsste 
Tumor  progrrv>H»n  vnd  enhance  bone  o>e(as£asts-  Our  resells,  with  the  cell  Imes  aad  a 
mouse  model  of  bone  metastasis  indicate  that  COX-2  inhibitory  may  be  useful  for  both 
jwevera ion  and  tr=aw>c«  of  breast  cacccr  memuMs.  Thii  research  will  allow  us  fo 
develop  cluacal  trials  tdroed  vet  preventing  metavt^cc  we^y:  agents  that  mcjhii  COX-2. 

The  VS  Army  MtiUcai  R*<*are}. t  and  .Maiaid  Command  under  D.iMDl  7-OS  -  h06C9 
supported  tkb  nor*. 

P60 -!£  CELL  CLUSTERS  OVERLYING  FOCAJLLY  DISRUPTED 
M\OEPrniIXlAL  CELL  LAY€RS  CHANGE  STATUS  OF  ESTRO¬ 
GEN  RECEPTOR  EXPRESSION  DURING  TUMOR  INVASION 

Y*B-*»oAt*n 

Depootasenr  of  Gynecologic  and-  Brcajt'Pctbote^-.  Armed  Ferasj  Jnstrtutcof  Pscholosy 
and  Azrxrrii^[Bli^pstr>'  of  Pathofogy.  Waxhio^oc,  UC  . 

E-mail:  tma&-z(tpx*djm\ 

Oar  previous  studies  revealed  that  a  sublet  of  estrogen  receptor  (HR)  positive  ductal 
careractra  m  situ  cDCtSj-cwttaisod  fbcai  a^o<pi(bcKal'(ME)  cell  layer  dsruprtea^  and 
over  •80%  of  these  dt*rupnp®s  were  overlain  by  cell  dusters  with  a  total  loss  or  marked 
redaction  of  ER  txptts*k>ri.  b  coottwi  *o  die  *d jacent  eeSH  within  The  same  due?,  which 
were  atrot^dy  ER  positive  (Man  ri  ai.  Brew*  Cawtef  Res  5:  KSM-241.  2001).  These 
cdl  cfcpfem  nfeosUwed  a  tegnifiontly  highe?  frripwucy  of  gcoetk-  ristocmlitiet  (tad  3 
higher .exppessido  of  tisaaw  iavostott  related  jeocs  (Man  c?  al  Brest  Casccr  Res  Treat, 

>«  pms&X  sdjjestipg;  ifcs  some  of  them  aa^tt  reptcscnl  the  tfircet  prccue«>e  of  the  . 
iavasive  leiionsK  Tins  findia^,  Jwwever,  «  hard  to  tecoocile  waih  tHe  £ksot  that  over 
$0%  of  the  rmirove  breed  'toruors  are'  ER  pc«ifivc.  The  current  sudy  catcrepfed  to 
identify  the  patented  mecfaaoi.sm  for  out  finding.  • 

Cctctecutive  wetmas  were  prepared  frdmfoccBlin-ffcced  aad  porsfSn-eabedded  breast 
tissues  of  1 5  eases  of  PUTS  with  nocro-invauon.  portions  vrevc  double  iowmBoarioed 
for  srooofe  mesek  actro  w  idcofify  focal  ME  edi  teyar  dtstupdeas.  wd  S>r  ER  xo  kxntc 
ER  cejatsvc  cell  dostm.  [tnsnwvKrawd  sections  were  cumined.  with  spec tel  aties- 


Un;  to  the  oxro^nvas-ive  lcs«rrts  that  come  cur  from  focal  ME  cell  layer  disrjpttem. 
Tire  FR  ctptrs.Nio:»  >tarus  in  cells  at  a  different  di stance  to  foc.il  MB  «!!  layer  dhmrjv 
sons  were  compared. 

Each  ewe  ceswracd  at  less:  ho  ever  \Q  durt>  w5*  fochl-MF.  liver.  d:«ruptkmv  (X« 
W°>  cf  tbjse  cii-yupeoe*  were  overrun  by  ER  negative  cell  ciaaers.  but:  the  remainin'! 
«on-dicupted  portion  vv-js  overlaifi  by  EH,  positive  ceils  Of  these  BR  negative  riuster^ 
12  from'}  ca*cs  were  armfiged  as  trcngic-^hapcd  cdccs.  i>urKurhp2''  mto  the  stroma. 
Alt  the  ceils,  cecr  the  turner  core  and  focal  diwupttons  were  cotrplctriy  elcvoic  of  £R 
expression.  A  vxtt  mawrity  of  the  cells  o«r  the  iuttncciiotx  berween  the  bascmcai 
otembnmc  acd  Ac  owa  w«r  also  ER  negative,  white  ER  positive  c riis  were  occa- 
siocaJly  seen  The  aomber  of  EK  posni(r  cdte  and  tatemiry  of  £R  iztnxjyawtiMasg 
appeared  to  tincarh  increase  w  the  cells  invaded  deeper  into  the  stroma.  A  majority  of 
tint  eriis  4  the  tip  of  fiat  edge  andadjaccm  raieroinvasivc  tested  were  ER  pMidve. 

These  Endings  suggesx  that  tttest  ER  csgaitvf  cells  overlying  focal  MEtedll  layer  db- 
rupnoa  arc  liLcly  to  be  uixfclYurccmtcd  cs-  stem  ceUv  wlriei  arc  not  matere  enough  ti> 
express  ER.  They,  however,  could  ptejs'esdccly  gain  the  caprfail  ity  to  express  ER  after 
a.  few  eyries  of  divajocs  acd  differentiation. 

Origitud  twsr£  yjpporti-c!  hv  (he  V  S-  dr/m  StedictU  Research  crui  iduterk-i  Ccmntortd 
tx&?  bAmn*M*i4I29  oed  MDl&J-WM. 

V6b-tT~:  TRAFFICKING  OF  BREAST  CANCER  METASTATIC 
CELLS  IX  BONE 

Robya  J.  Mtmr,1  Pusbkur  A.  Pb*4k*.J  IcMtiftr  L  Jewril,5  Carol  V. 
Vlr^maGD^^  D- R.  "Welriu1*3^ and  Andrea  M.Afastrow 

^ Dcffctrtntert:  of  Rioeberu stry  aod  Moieeukcr  Biotegy.  Fetar.  State  University.  L?tiiv<f>fty 
Park,  PA:  ^Department  of  Pathology,  ^ernpeberenve  Cuaccf  Center s  ‘Xte? xrw  for 
MetaboHe  Berne  Dtiiauriti  ^NECR-CctUcr  for  Metastasas  Rcssarcb,  Uoiv«jjty  Of 
Atebamsat  Brnr&ni^jaml  Birmipglutri." ^AL 
fe*mcij:  af$(aipcc,e<fo 

Sreust  cancaf  cells  .(request iy  rnetestartta  to  bonewfeere  they  enttse  osteolytic  lexkws. 

J;  i\  only  offer  severe  boae  loss  itec  the  testere;  bernhe  vtcfofe  by  X-^sy.  At  tun  tune 
tee-  rurecr  masses  are  mostly  vijJbte  h»  the  ends  of  the  k?ng  booc^.  areas  of  active 
hewatopriote;  However  very  linte  &  Isnown  about  the  early  trafficking  j»oms  of  the 
nseo-ttasc  cells.  The  popote  of  ,ihi<  study  to  determine  the  tnovemad  of  breast 
cancer  ccti*  ialbe  lot^  hemes  over  time 

Method;  .  Metastatic  MDA-MB-435  JsainBi  hr«K' xmter  eeUt,  cn^ceefed  ro  expect 
grcro  Guorweem  protein  (GFP)  wcre  bocubtcd  into  the  left  vcarrkte  of  the  hcaR  of 
atbymic  rroa*/  The femiry^ ^were  imrvesicd  Al  l.  2. 4,24.  and72.hr/ lead  1,2,4,  acd  6 
wic.  after  tee  teocokcica.  tnteri  bones  were,  examined  by  fluorescence  nacKwcopy. 
(Some  feroto  were  foco  fixed  nod  dccafctified  for  fostixheafecy  or  fluoreseeare 
tnicroseony  aad  hamstsorpfcotneay.  At  select  times,  esher  fantws'-wtate  cut  ijsta  pfoxi- 
nul,  distal  and  oortkad  shaft  totM,  Marrow'  w»  aolteed  Eom.  cads  stetioa'  and  «»- 
Kved  by  flou-  cytometric  analysts  to  detect  GFP  or  IbcDN  A  *ss  extracted  for  detection 
of  (be  presence  of  a  humao  gene.  HERl'-K.  ( AcJCo.  M }  4*  23 ),  by  gttwmtative  PCR 

Results:  A  few  <JFP  expressing  cancer  cells  could  be  eteariy  seen  iathe  iaiaci  bones  ss 
eart>  a.<  one  hour.  Usin^  Qooecfcciscc  atkttncopy  wcxerabc.  Winnow scct^ 
fcanm.  we  detected  isohrted  cancer  cells  g  ewe  wedu  By  tw>  s«d^  it  w^s  easy  to 
detect  duiters  afGFP  cdJs  in  Jteteoe  secticms.  teesstit^yv  flsc  dtswl  aids  of.  the 
femur  were  pcfohtcd  Wcaactr  cdHs  fertt^ ^  'Tben  foe  ctneer  appeared  in  d^jawdiasl 
ends  AlmcKi  wpaTwyxncanOTcdh  xxteinr  thttcorti^ 

^eocral^ ^psttetw^ ^  xrrc’  sben  by  flow  cytometry  and  by  prescficc  nT  the  cancer  ceS 
DNA.  Bd&edoft  prevfoujs  io  vitro  d^a.  wc  afco  -tnastred. 8po;?K>dc  cuteobhwrf ,W: foe 
boae  tt&qj  a-TUNELasra^^  Tie  nm^xas  of apojKotie  osteobJa^BKataaa^  * 

the-  hembers.  cf  breast  cancer  cells,  increased. '.  Mercovor,-  apbp»dc'«tcul^ 
dose  proxenity  to  breast  -casccr  ccfls.  ‘I/; ,.; 


Cooclusari:  Tfeae  naraJts  aien  tugether  stiggesr  tiu2  once  the  'csvktt:<£Bs  entcrihe 
boae-marmw  they  raiffic  (Kreci^. to tbc ‘hraiatofKiienc  areas- .'*rthe  e6d&of  Aeltsog: 
bone.  Iris  likely  that  foctorx  localirexl  te  <besc  active  areas  armet  the,  cancer  ceils'  *md 
provide  a  flu-oeahle  asvitorutaetd  for  forir  gfowth.  As  tttt  cmcer  crik.  tanii^lyi  foal 
osteoblasts  ttedery>apopteyg  indicating  ih»  the  bone  vrili  no:  extiN  be  repaired  -rvw  if 
the  caocer  crik  are  biodced.  Tbii  ufoanalien  •wii  be  tsefcl  in  plaaoins  saategiaio 
prevent  destructive  bode  CTCtintayis.gcfy  b  fee  process. 

37»c  UJL  Amy  ide&cai  Research  s oaf  Maxrrte!  Command  voder  d>/OdD?~-Q3-l'0S$4 
supported  this  ttvri  as/  sappnrird-  by  Sodcnal  Foundation  for  Cancer  Research  end 
Pejvycyf^sKia  DrpOrunent  af Health- 
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